Work;ng Paper

28 Y

- 2
- e
. - - ™



OPERATING CHARACTERISTICS OF EMPTY SOLAR
COOKER UNDER CLIMATIC CONDITIONS OF
AHMEDABAD

By

Girja Sharan
Vasant R. Pilare

W.P. No. 98-05-04 [
May 1998 Iy g

WP1447

Ll ULl L

98-05-04
(1447)

The main objective of the working paper series of the
lIMA is to help faculty members to tesat out their
research findings at the pre-publication stage.

INDIAN INSTITUTE OF MANAGEMENT
AHMEDABAD - 38B0 Q15
INDLA




§ CWURCHASED
APPROVAL

| GRATIS/EXCHANGER
. PRICE

R g

il

P

ACC MO,
| VEERRAM SARABHAS LISNM+
€ 6L M, AHMEDABAD.




Operating Characteristics of Empty Solar Cooker
Under Climatic Conditions of Ahmedabad

Girja Sharan Vasant R Pilare

Centre for Management in Agriculture
Indian Institute of Management, Ahmedabad 38001$

Abstract

In this report we present some of the operating characteristics of an empty box
solar cooker, under climatic conditions of Ahmedabad. Simulations indicate
that cooker will perform satisfactorily during only six out of twelve months.

Climatic Conditions

Global solar radiation on horizontal surface and ambient temperature data was converted
into Fourier Series. Tables 1 and 2 give the coefficients.

Plate Temperature and Time Graph

Simulations are done using model developed by Sharan and Chaudhuri (W.P.# 1423,
IIMA). Figures 1-12 show the rise and fall of plate temperature as the day advances in each of
the twelve months under climatic conditions of Ahmedabad.

Table 3 shows a summary of information obtained from the temperature time simulations.
It is seen that cooker will not permit satisfactory cooking in January, July to September, and in
November. In these months cooking time available is less than 2.5 hours that is needed to cook
dal.

Cooker Indoor

Figure 13 shows the temperaturc and time graph, when cooker is placed indoor and
heating is done by the back-up source. A minimum of 125 W is needed to raise the plate
temperature to 120°C. As the source strength is increased, maximum temperature achieved also
rises. However, the rise is not in proportional to strength as losses increase more than
proportionately. This is only expected, as the cooker is not designed for large inputs.

We thank Mr. Pankaj Jha for computational assistance.



Table 1
Fourier Coefficients for Global Solar Radiation Series

Ahmedabad

n 0 1 2 3 4 5 6 [ Maxabs

dev (%)

Jan A | 20400 | -33823| 18147 | 4261 -1721 1471 | 142 12.31
B 4158 | 4465| -1490| -1061 1081 | 158

Feb A | 24063 | -39223| 19726 | -3504 | -2392| 13.02| 4.58 922
B 4816 | 4842 -11.77| -1429 954 | 467

Mar | A | 28071 | -448.12 | 20789 | -2361| -28.71 856 | 725 7.48
B -54.54 | 5050 | -7.34 | -16.09 554 217

Apr | A | 30533 | 47638 | 20147 | 908 | -29.33 220 | 8.17 6.34
B 5702 | 4779 | -148 | -15.88 053 | 800

May | A | 31654 48523 | 191.02] -0.06| -2646 229 708 485
B 6247 | 5045 | -085| -1436| -1.55| 650

Jun A | 26571 | 40517 156.52 090 | -20.75 165 3.75 3.99
B 5521 | 4548 341 981 -1.78 | 4.50

Jul A | 20142 | -307.80 | 119.41 185 | -1812| -055| 458 537
B 4468 | 3799 422| -801 059 | 3.75

Aug [ A | 18588 | -28754| 11754 | 273 -17.17 091 | 358 5.31
B 4599 | 4092 | -592| 938 055 | 517

Sep A | 23083 | -36481 | 16270 | -13.87 | -23.04 532 442 6.64
B 4901 | 4406 | 469 | -1494 443 | 6.08

Oct A | 24025 | -38849 | 189.58 | -2041( -23.54 985| 583 9.11
| B 4773 | 4629 | 895 -15.08 826 | 533

Nov | A | 20721 -34221| 181.09| 4068 | -1742| 1332 225 8.60
B 39.12 | 4072 | -1158| -11.55 981 | 233

Dec | A |g190.88 | -31826| 17450 | 4473 | -13.92( 1403 | 058 15.88
B 3845 | 4204 | -1503| 938 1078 067




Table 2
Fourier Coefficients for Air Temperature Series

Ahmedabad

n 0 1 2 3 4 ) 6 | Max abs

dev (%)

Jan A 20.01 | -3.92 08| -0.44 0.23 0.07 | -0.18 10.92
B -6.07 1.63 0.35 | -0.48 0.20 0.08

Feb A 2312 | -3.97 098 | -0.36 0.35 0.14 | -0.27 9.75
B -6.70 1.67 0.60 | -0.48 0.17 0.15

Mar A 27.37 | -3.54 0.79 | -0.40 0.20 0.17 | -0.18 491
B -6.42 1.36 0.59 | -0.44 | -0.05 0.09

Apr A 3155 | 294 069 | -0.30 0.16 0.13 | -0.08 221
B -6.12 1.15 0.55| -031| -0.05 0.06

May A 33.77 | -2.53 031 | -0.08 0.11 0.13 | -0.04 1.33
B -5.90 1.20 039 | -0.14 | -0.09 0.03

Jun A 31.83 | -2.08 0.06 0.11 0.04 0.00 | -0.08 0.85
B -3.74 1.07 020 -0.12 | -0.08 0.06

Jul A 28.74 | -1.24 0.08 0.04 0.00 0.01 | -0.04 0.71
B -2.07 0.54 0.10 | -0.12 | -0.03 0.06

Aug A 28.03 | -L.12 0.12 0.02 0.03 0.01 | -0.03 0.66
B -2.07 0.50 0.06 | -0.10| -0.03 0.04

Sep A 28.00 | -1.76 0.34 0.00 0.04 0.01 | -0.08 1.2]
B -2.60 0.71 0.13 | -0.17 | -0.03 0.08

Oct A 2769 | -4.02 1.02 | -0.13 0.03 0.07 | -0.18 3.86
B -4.65 1.33 0.55 | -0.51 0.01 0.19

Nov A 2427 | 473 1.27 | -0.26 0.03 0.07 | -0.17 7.31
B -5.31 1.48 048 | -0.65 0.11 0.23

Dec A 21.03 | -4.20 099 | -0.26 0.20 0.00 | -0.23 9.28
B -5.47 1.70 031 | -0.58 0.08 0.16




Table 3

Summary of Simulated Results

Months Time to Maximum Time to fall Total avai- |Available
reach 120°C [Temp. below 120°C  |lable time cooking time
(hrs) (W) (brs) (hrs) (brs)
Jan 11.20 137 14.5 33 .8
Feb 10.60 150 15.2 4.6 24
Mar 10.00 162 15.7 5.7 3
Apr 9.70 167 16.0 6.3 33
May 9.50 169 16.0 6.5 35
Jun 10.20 149 15.7 5.5 2.8
Jul 11.90 124 14.0 2.1 1.1
Aug 12.80 120 13.2 0.4 0.2
Sep 10.70 140 15.0 43 23
Oct 10.40 150 15.2 48 2.6
[Nov 10.90 140 14.6 3.7 2.1
Dec 11.40 133 14.3 2.9 1.6
[Note :  Total available time-duration for which temp. stays above 120°C during day.

Available cooking time-duration for which temp. stays above 120°C till 1:00 P.M.
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Figure 1: Plate Toemperature

(Simulated for Ahmedabad- January)
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Figure 2: Plate Temperature
(Simulated for Ahmedabad- February)
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: Figure 3: Plate Temperature
E (Simulated for Ahmedabad- March)
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_Figure 4: Plate Temperature
(Simulated for Ahmedabad-April)




180
] 160
b 140
f’_ 120 ;
© B 100 |
| —
§_ g0l & ‘~s—Amb termp |
. ,
£ 60 f ,—a— Pate temp |
E = 40 ad ‘““““.“(.uq‘41:;‘.4:.1(0.4444‘(.
% 20 PPTCITTTY
i 0
‘; @ * e s & 2 bt e @
| Hour of day
Figure 5: Plate Temperature
i {Simulated for Ahmedabad- May)
-
160
RERENEERSNsny
140 -"‘%\
-~ 120
e
- 100
4
$ w0 R —
i -P ——Anmb. temp
E 60 —a— Plate termp.
L — |
’_ 40 CRIRTR 2R PR L ITLY 3
«cu.uu««u««uuu!«(“‘“““““‘“‘"““"“‘“
20
0
= @ e o @& 3T @ @
Hour of day
Figure 6: Plate Temperature
L {Simulated for Ahmedabad-June)
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i Figure 7: Plate Temperature |
| (Simulated for Ahmedabad- July) |
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Figure 8: Plate Temperature
(Simulated for Ahmedabad-August)
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Figure 9: Plate Temperature
(Simulated for Ahmedabad-September)
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Figure 10: Plate Temperature
(Simulated for Ahmedabd-October)
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; Figure 11: Plate Temperature
(Simulated for Ahmedabad-November)
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Figure 12: Plate Temperature
(Simulated for Ahmedabad-December)
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Figure 13(a): Plate Temperature
(Indoor Cooker Simulation)
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Figure.13(b): Maximum Plate Temperature
(Indoor Cooker Simulation)
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